A series of pyrazolo [3,4-b]pyridine derivatives were synthesized by the reaction of aminopyrazole with chalcones in the presence of ZnCl 2 under microwave irradiation. The reaction was completed in 8-12 min with 85-95% yields.
Introduction
The pyrazolo [3,4-b] pyridine system has shown many interesting biological and pharmacological properties, such as antitubercular activity, 1,2 activity against gram positive and negative bacteria, 3 and ACTH (Adrenocorticotropic hormone)-releasing factor (CRF (Corticotropin-releasing facter)) antagonist activity. CRF antagonists proved to be effective in the treatment of a wide variety of stress-related illnesses, such as depression, gastrointestinal diseases, anorexia nervosa, haemorrhaged stress, drug and alcohol withdrawal symptoms. 
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However, we found that some chalcones such as 2b, 2g and 2i did not react or react very sluggishly under these conditions. Besides, this two-step reaction has the drawback of long reaction times and a quite low total yield. In recent years, microwave techniques have developed rapidly in organic synthesis due to shorter reaction times, higher yields, easy work-up and environmentally friendliness. 15 Therefore, we investigated the reaction under microwave irradiation and found that the catalyst ZnCl 2 played a very important role in the above condensation reaction. At the same time, aromatized products 3 could be obtained in one step.
In this paper, we would like to report this efficient synthetic method of pyrazolo [3,4-b] pyridines 3 by the reaction of aminopyrazole with chalcones in one step under microwave irradiation in the presence of ZnCl 2 leading to higher yields and shorter reaction times (Scheme 2). Scheme 2 The synthesis of pyrazolo [3,4-b] pyridine using ZnCl 2 as catalyst.
Results and Discussion
The results are shown in Table 1 . The reaction was completed within 8-12 min with high yields ranging from 85-95%. For comparison, this reaction was carried out at 100 o C under traditional heating conditions for 3h, leading to lower yields (70%). It is obvious that the procedure under microwave irradiation has the advantages of a short routine, a good yield and a convenient workup. The procedure is also more environmentally friendly compared to traditional heating. All the products were new, which were characterized by IR and 1 H NMR analysis. To identify the structure of the products further, we also provide a structural study for compound 3a by X-ray crystallography ( Figure 1 ). Experimental Section General Procedures. Microwave irradiation was carried out in a modified commercial microwave oven (2450 MHz, Nanjing Sanle) under atmospheric pressure. Melting points were determined in open capillaries and are uncorrected. The IR spectra were recorded on a Shimadzu spectrometer.
1
H NMR spectra were measured on a DPX 400 spectrometer operating at 400 MHz, using DMSO-d 6 as solvent and TMS as internal standard. Elemental analyses were determined by using a Perkin-Elmer 240c elemental analysis instrument.
General experimental procedure
A dry flask (25 mL) was charged with aminopyrazole 1 (1 mmol), chalcone 2 (1 mmol), glycol (2 mL) and catalyst ZnCl 2 (0.05 mmol). The flask was then connected with refluxing equipment. After microwave irradiation for 8-12 min, the reaction mixture was cooled and washed with ethanol. The crude products were purified by recrystallization from 95% ethanol to afford 3. Bromophenyl)-6-(2-chlorophenyl)-3-methyl-1-phenyl-1H-pyrazolo[3,4-b]pyridine (3a) 
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4-(4-Fluorophenyl)-3-methyl-1-phenyl-6-p-tolyl-1H-pyrazolo[3,4-b]pyridine (3c
